The study of natural carbon dioxide reservoirs provides fundamental insight into 13 processes involved in carbon capture and storage. However, the calculations of process 14 rates such as dissolution of CO 2 into formation water remain uncertain due to indirectly 15 determined ages of the CO 2 influx. The proposed ages for the Bravo Dome gas field in 16 New Mexico, USA, vary from 56 ka to 1.5 Ma. Here we demonstrate that residence times 17 can be estimated from simple modeling of noble gas and stable isotope diffusion profiles 18 from the gas-water contact through the gas column. The Bravo Dome gas field shows a 19 gradient in noble gas concentrations and isotopic ratios from east to west across the 70-20 km-wide field. A mantle-like end member with a 3 He/ 4 He (R/R A ) ratio of up to 4.7 is 21 found in the west in contrast to a groundwater end member with high concentrations of 22 
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where D is the diffusion coefficient, ø is porosity, and  is tortuosity. The diffusion 117 coefficients have been calculated after the method of He and Yu (1998) Formation in New Mexico is 20% on average (Johnson, 1983; Cassidy, 2006) , and the 124 tortuosity has been calculated to be 2.4, which is a typical value for sandstones (Cassidy, 125 2006; Epstein, 1989; Matthews and Spearing, 1992) . 126
Solutions for the diffusion profiles are calculated using a Monte Carlo simulation 127 in Matlab where both boundary conditions and the diffusion time multiplied by the 128 diffusion coefficient are fitted 1000 to the data, taking into account the error on 129 measurements through minimizing  2 : 130 
